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The main aim of this work is devoted to numerical study of temperature distribution
effects on the distortion of the compressors casing and consequently the fracture of these
blades using ANSYS software. The gas turbine operation history shows that the most
fractures occur at the beginning of the cold seasons which may corroborate the probability
that the compressor casing distortion due to the non-uniform temperature distribution,
can lead to touch the blades tip section with the casing and their failures. Results show
that the temperature distribution on the compressors casing is non-uniform at the cold
season and this causes distortion on the casing. The casing distortion reduces clearance
between first-row blades and compressor casing. Hence, it is concluded to modify the
cooling procedure to prevent the occurrence of such a harmful problem.
& 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
The tip clearance between a compressor rotating blades and its casing has an unfavorable effect on performance, which
causes the energy losses. The gradual increase of blade tip clearance over time is a significant cause of compressor
performance deterioration. But in modern high efficiency compressor, a critical requirement for optimal performance relies
on minimizing radial clearances between the rotating bladed disk and the casing. So the risk of contact between the rotating
bladed disk and the casing increases, significantly. In the previous works, scholars have studied the risk of interaction
between rotating blade and casing using non-linear dynamics [1–4]. Giovannetti et al. [5] proposed a procedure for the
evaluation of clearance reduction using abradable seals. All operating conditions phenomena such as vibrations, thermal
mechanical expansion and rotor eccentricity assembly tolerance, were considered in FE modeling of all gas turbine
components that contributes to the first stage radial clearance. All full operating cycles for the gas turbine were considered
and both thermal and mechanical loads were applied. Analysis of distortions in the inner side of the steam turbine casing, in
the presence of 3-D high temperature gradients was presented by McElhaney [6]. Wei et al. [7] simulated the effects of
Reynolds number on the tip clearance flow in a certain turbine rotor under a real working condition characterized by high
temperature, high pressure ratio and high rotation. Douville et al. [8] experimentally studied the effect of three different tip
clearance heights and two Reynolds number on the tip clearance loss of the plat tip platform. An experimental investigation
on the tip clearance flow in a low-speed single-stage axial turbine rotor was performed by measuring the distribution and
development of the pressure, loss, velocity and turbulence field [9,10]. Ma and Jiang [11] investigated three dimensionaler Ltd. This is an open access article under the CC BY-NC-ND license
.
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velocimetry. As pressure of the fluid from inlet to outlet of the compressor increases, temperature will increase through the
compressor. It is common to expect 300 1C, temperature gradient between inlet and outlet of the compressor. However, any
local and one-sided cooling of compressor casing may result an elastic distortion. It seems that the cooling procedure of
turbine casing, in the last part of the chamber, fades clearance between compressor blades and compressor casing. GE-frame
6 gas turbine compressor which is an axial kind of turbo machines can be considered as a conic cylinder with 17 rows of
rotor and stator blades.
In the current work we face with GE-frame6 gas turbine with less than 10 years operation. According to power plant
engineers reports the one set gas turbines were terminated in the beginning of February 2008 because of sudden failure and
complete breakdown of compressor. Previously, two set gas turbine were respectively terminated in the middle of
September 2006 and November 2007 in a 13-month interval on account of the similar accidents. The purpose of this paper
is to find the factor or factors causing the failure.
2. Governing equations
The Reynolds stress model (RSM) was selected to solve transport equations. In RSM, the eddy viscosity approach has
been discarded and the Reynolds stresses are directly computed. The Reynolds averaged momentum equations for the mean
velocity, are listed below:
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In Eq. (1) ρuiuj is known as Reynolds stresses and must be modeled in order to close this equation. The Reynolds stress
model involves calculation of the individual Reynolds stresses uiuj using differential transport equations. The individual
Reynolds stresses are then used to obtain closure of the Reynolds-averaged momentum. The transport equations for the
transport of the Reynolds stresses, ρuiuj can be written as follows:
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and ϕij denotes the pressure–strain correlation.
The pressure strain term can be splitted into two parts:
ϕij ¼ ϕij;1þϕij;2 ð7Þ
where ϕij;1 is the ‘slow’ term, also known as the return-to-isotropy term, and ϕij;2 is called ‘rapid’ term and given by
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The Reynolds averaged energy equation is
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follows:
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For solving the above equations, more than 2106 hexagonal mesh structures with quad face type were generated, then
3-D models were analyzed by ANSYS software using the finite volume method.3. Details of the geometry
The casing of the GE-frame 6 gas turbine consists of two high-pressure and low-pressure parts which totally have
17 rows of rotors and stators. The gas turbine casing is shown with details in Fig. 1 which is accomplished by using Solid
Work 2010 software. It should be noted that the actual model of the combustion chamber is cylindrical. But this geometry
has been used to overcome the problems of mesh generating with respect to octagon shape; this would be allowed because
only its effect on the air flow is considered. To take into account the heat convection effect, outside of the turbine should also
added in the simulations. For this reason, the whole gas turbine with its details is located in the chamber and air flow
outside of the turbine (within the chamber) will be modeled coupling with turbine analysis.Fig. 1. Gas turbine with its details.
Fig. 2. Air flow outside of the turbine within the chamber.
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high pressure, (5) combustion chamber and (6) turbine casing.
The heat convection occurs between outer surfaces and the air that flows inside the chamber.
4. Boundary conditions
To impose the thermal boundary conditions within the compressor casing, temperature distribution should be known
inside the casing. Since only the inlet and outlet compressor casing temperatures are available, one can estimate
temperature distribution inside the casing as a linear relation. Following linear equation for casing temperature variation
represents the temperature distribution from the beginning to the end of the compressor casing:
T ¼ 0:165xþ27:54 ð13Þ
where x is measured between center of each surface and compressor inlet (mm) and T is the casing temperature (1C). Fig. 3
shows the applied thermal boundary conditions. Since only the outer wall of the combustion chamber is designed in overall
geometry, its boundary condition should be applied in a way that the adjacent temperatures (where the combustion
chambers are connected to gas turbine) reach around 400 1C. This temperature is imposed based on the thermal power
plant data. Fig. 4, left, represents the location of employing mentioned boundary conditions. Totally, there are 10 combustion
chambers; those 10 surfaces in the following figure reach 400 1C (red surfaces). To apply inlet boundary conditions, the
ambient temperature 32 1C is considered. Fig. 4 right, represents the inlet thermal boundary condition (red surfaces).
The air enters to cooling chamber through two fans installed in the intakes; each fan flow rate is equal to 2.41 g/s (Fig. 2,
No. 1). There is an exhaust fan on the upper part of the wall with the mass flow rate of 4.82 g/s and exits the air from the
chamber (Fig. 2, No. 2). This figure also shows the location of applying boundary conditions. Pressure ratio between two
compressor stages is presented by r and defined as follows:
r¼ P2
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P2
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Consequently, one can compute pressure ratio between outlet and inlet of compressor
Pexit
Pinlet
¼ ðrÞn ð15ÞFig. 3. Location of the applied thermal boundary conditions inside the compressor casing.
Fig. 5. Applied pressure boundary condition within the compressor casing.
Table 1
Elements information.
Node number 1925507
Element number 549089
Method Hexa dominate
Face free mesh Quad/tri
Type Hexa
Size 4 cm
Fig. 4. Inlet boundary conditions (right), applied boundary conditions of the combustion chamber's seatings (left). (For interpretation of the references to
color in this figure, the reader is referred to the web version of this article.)
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the compressor equal with 1 and 8 bar, one obtains r¼1.13. Fig. 5 shows the surfaces, which pressure boundary conditions
are applied.
To obtain the results in good accuracy, support conditions must be applied in such a way that the slightest deviation from
the real model behavior is achieved. Based on the information that was obtained from thermal power plants, gas turbine
casing (compressor casing, turbine casing) can move among the axial direction, but this motion is restricted from end of the
turbine side, while from the inlet side, can be moved in the axial direction. The boundary conditions applied to end of the
turbine casing are only allowed to move and expand in the radial direction, and in other directions it has been fixed. And the
boundary conditions applied to the inlet of turbine casing allow axial and radial movement of the inlet and other degrees of
freedom have been limited.
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5.1. Temperature distribution
Before any discussion about the results, mesh independency should be considered as an accuracy tool. Elements which
have been used in the mesh geometry are in Hexa Dominate type and include both square and triangular shaped elements.
Table 1 contains information about these elements. Since the only available information of the current turbine gas is theTable 2
Mesh independency of results.
Mesh size (m) 0.075 0.07 0.065 0.060 0.055 0.050 0.045 0.040 0.035
Outlet temperature (1C) 97.25 93.52 89.38 86.74 84.34 82.56 81.14 80.01 79.89
Fig. 6. Temperature distribution on up and down casing after final analysis.
Fig. 7. Temperature distribution at the beginning of the compressor casing.
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corresponding results of different mesh sizes are reported in Table 2. Table 2 shows outlet temperature variation with the
mesh size changes. It is inferred that the temperature changes is negligible for mesh sizes less than 0.040 m.
First the temperatures of the up and down casings are assessed based on the simulations. Fig. 6 shows temperature
distribution on the up and down casings. It is clear that the temperature gradients between up and down walls are the
maximum in some surfaces. These surfaces are exactly located above the first stage row. It can be understood easily that the
maximum temperature gradients appear near the compressor inlet. Fig. 7 represents the temperature distribution in the
compressor inlet.
Air enters through two distinct inlets and is discharged by exhaust after cooling turbine casing. Fig. 8 shows air
streamlines in the chamber.
It is shown in Fig. 8 the streamlines change their direction and go toward the exhaust after contact with the rear wall of
the chamber and cooling the turbine casing. Since the upper part of the room becomes hotter than the lower part, this leadsFig. 8. Streamlines in chamber.
Fig. 9. Compressor casing deformation.
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chamber's end wall. These flows transfer their heat to the lower wall and cause a reduction in temperature gradient
between up and downwalls. But they cannot progress further than the middle point of low-pressure part. So the lower wall
will not get hotter, which leads to the temperature gradient development in the compressor inlet section.
Now turn back to find the factor or factors that cause the vibration of the first row moving blades. One of these factors
can point to distorted casing, where clearance between the first row blades and the casing, lose its symmetric shape. This
asymmetry mode and high rotating velocity of blades cause the vibration of the blades. It should be noted the meaning of
distortion here is corresponding to deformation of a circular cross section to oval shape. It is shown in Fig. 9 that all the
surfaces of moving rows has been expanded expect the inner surface of first row in the bottom casing, which has shrunk
instead of expanding. This shrinking reduces clearance between blade and casing about 2.249e-4 m. While in other part of
the casing in the upper side the clearance increased around 1.4991e-4 m. These results indicate that the first row blades
have gone their symmetric condition.
6. Conclusion and suggestion
Thermal analysis of compressor casing has been done using ANSYS software. Simulations results showed that the
temperature distribution on the compressors casing is not uniform and some temperature gradients appear between up and
down casing. These temperature gradients reduce clearance between the first row blades and the casing in the first row
blades. Consequently changing the cooling processes will modify this non-uniform temperature distribution and could
increase the compressor lifetime.
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